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RatsAbstract The present study was undertaken to examine the attenuative effect of Piper betle leaf
extract (PBE) against cadmium (Cd) induced oxidative hepatic dysfunction in the liver of rats.
Pre-oral supplementation of PBE (200 mg/kg BW) treated rats showed the protective efﬁcacy
against Cd induced hepatic oxidative stress. Oral administration of Cd (5 mg/kg BW) for four
weeks to rats signiﬁcantly (P > 0.05) elevated the level of serum hepatic markers such as serum
aspartate transaminase (AST), serum alanine transaminase (ALT), alkaline phosphatase (ALP),
lactate dehydrogenase (LDH), gamma-glutamyl transpeptidase (GGT), bilirubin (TBRNs), oxida-
tive stress markers viz., thiobarbituric acid reactive substances (TBARS), lipid hydroperoxides
(LOOH), protein carbonyls (PC) and conjugated dienes (CD) and signiﬁcantly (P > 0.05) reduced
the enzymatic antioxidants viz., superoxide dismutase (SOD), catalase (CAT), glutathione peroxi-
dase (GPx), glutathione S-transferase (GST), glutathione reductase (GR) and glucose-6-phosphate
dehydrogenase (G6PD) and non-enzymatic antioxidants Viz., reduced glutathione (GSH), total sul-
fhydryls (TSH), vitamin C and vitamin E in the liver. Pre-oral supplementation of PBE (200 mg/kg
BW) in Cd intoxicated rats, the altered biochemical indices and pathological changes were09842325222; fax: +91 4144
.com, smprabu73@gmail.com
y. Production and hosting by
Saud University.
lsevier
230 S. Milton Prabu et al.recovered signiﬁcantly (P > 0.05) which showed ameliorative effect of PBE against Cd induced
hepatic oxidative stress. From the above ﬁndings, we suggested that the pre-administration of P.
betle leaf extract exhibited remarkable protective effects against cadmium-induced oxidative hepatic
injury in rats.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
It has become evident that increasing human activities have
modiﬁed the global cycle of heavy metals and metalloids,
including the toxic non-essential elements like cadmium. Thus
there is ample opportunity for exposure to cadmium both in
and outside the work place (Vinoth Kumar et al., 2010). Cad-
mium (Cd) is one of toxic heavy metal and it is reported that
increased concentration of Cd in agricultural soils is known
to come from the application of phosphate fertilizers, sewage
sludge, waste water and pesticides (Limei et al., 2008). Further
sources of cadmium derived from mining activities at mines,
smelting of metalliferous ores with high Cd content and indus-
trial application of Cd in pigments, plastic stabilizers, nickel
cadmium batteries resulted in wide spread agricultural soil pol-
lution (Liao et al., 2005). The dispersed Cd in the soil can per-
sist for decades and can be taken up by plants, from soil since;
this metal is water soluble and easily and efﬁciently transfers
from soil to plants. This may affect the target species if there
is intake of feed ingredients from Cd contaminated plant
sources (Satarug et al., 2003). Cd accumulates in the biological
system because of its long biological half-life (10–30 years)
(Jarup, 2002). Cd causes poisoning in various tissues of hu-
mans and animals (Ramesh and Satakopan, 2010). Prolonged
exposure to Cd results in injury to the liver, lungs, kidney and
testes (Zitkevicius et al., 2011).
The toxic effect of Cd is due to its inhibition of liver meta-
bolic enzyme systems containing sulfhydryl groups and uncou-
pling of oxidative phosphorylation in the mitochondria
(Williams et al., 1999). This results in increased lipid peroxida-
tion, DNA damage, depletion of sulfhydryls, altered calcium
homeostasis, hepatic congestion, ischemia and hypoxia
(Bharavi et al., 2010; Habeebu et al., 1998). Several mitigative
measures have been suggested to explain the damage induced
by Cd. Sulfhydryl rich proteins are the major target of oxidative
damage induced by Cd and loss of their function is usually a
consequence of their modiﬁcation by Cd. It has a special afﬁnity
toward sulfhydryl groups of proteins by covalent binding. Cd
can block the functional sites of the catalytic (or) binding do-
mains of enzyme or modify the protein conformation (Stohs
and Bagchi, 1995). The second possible mechanism of Cd toxic-
ity is the displacement of essential metals such as zinc and sele-
nium requiring enzymes that are inactivated through direct
displacement from their binding site by Cd (Gupta et al.,
1991). Finally Cd exerts its toxic effect via oxidation damage
to cellular organelles by inducing the generation of reactive oxy-
gen species (ROS) (Stohs et al., 2000; Bagchi et al., 1996), which
consist mainly of O2 ;H2O2 and OH
–. The mechanisms through
which this happens are not well understood but reports have
indicated that Cd does this via an indirect phenomenon (Watkin
et al., 2003). Reactions of these ROS with cellular biomolecules
have been shown to lead to lipid peroxidation, membrane pro-
tein andDNAdamage (Bharavi et al., 2010). This possibly leadsto the depletion of the body’s endogenous antioxidants which
serve as a premier source of protection against free radicals
and other oxidative stressors to which it invariably becomes ex-
posed (Cross et al., 1987).
Traditionally, ethnomedicines are extensively used in India
and elsewhere due to their low cost, easy accessibility to every-
one and perceived fewer side effects (Rathee et al., 2006). In
many respects, the mechanism of action of the herbal drugs
differs from that of the synthetic drugs (or) pure compounds.
This can be characterized as a polyvalent action and inter-
preted as an additive or, in some cases, potentiating. P. betle
is used to treat alcoholism, bronchitis, asthma, leprosy and
dyspepsia (Chakraborty and Shah, 2011). Earlier, anti- ulcero-
genic activity of P. betle was attributed to its antioxidative
property. A preliminary study has reported P. betle leaves
extract contains a large number of bioactive molecules like
polyphenols, alkaloids, steroids, saponins and tannins (Koff
et al., 1971). Some of the chemical constituents isolated from
P. betle leaves include estragole, catechols, terpenes, lominene
and cardinene (Ponglux et al., 1987). The leaf extract of p. betle
has also been reported to exhibit biological capabilities of
detoxiﬁcation, antioxidative and antimutagenic activities
(Chakraborthy and Shah, 2011). P. betle leaves are also known
to contain signiﬁcant amounts of antioxidants like hydroxyc-
havicol, eugenol, ascorbic acid and b-carotene (Wealth of In-
dia, 1992: Daniel, 1991). Biologically P. betle is an aromatic,
stimulant, carminative, astringent and antiseptic (Kirtikar
and Basu, 1987; Panda, 2004). Leaf possesses activities like
antifungal, hypotensive, respiratory depressant, anti-
helminthic, cardiotonic, antiplatelet, antifertility, antitumour,
antiulcer and antibacterial (Manigauha et al., 2009). The pos-
sible hepatoprotective activity of P. betle leaves against Cd in-
duced hepatotoxicity has not been reported so far. Therefore,
in this study, we aimed to evaluate the hepatoprotective effect
of the P. betle leaves by using the Cd-induced sub-chronic oxi-
dative liver injury model in rats.
2. Materials and methods
2.1. Chemicals
Cadmium chloride, 2-thiobarbituric acid (TBA), butylated
hydroxytoluene (BHT), reduced glutathione (GSH), 2,2-dipyr-
idyl, xylenol orange, 2,4-dinitrophenylhydrazine (DNPH), c-
glutamyl-p-nitroanilide, 5,5-dithiobis-2-nitrobenzoic acid were
obtained from Sigma Chemical Co. (St. Louis, MO, USA).
The rest of the chemicals utilized were obtained from a local
ﬁrm (India) and were of analytical grade.
2.2. Plant material and extract preparation
Fresh P. betle leaves were collected during the month ofMarch,
2008 from kumbakonam near chidambaram. The leaves were
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any, Annamalai University. The voucher specimen (Herbarium
no: 113/2008) was stored in the Department of Botany.
2.2.1. Piper betle
The P. betle plant belongs to the family Piperaceae and is
widely growing in the tropical humid climates of Southeast
Asia and its leaves, with a strong pungent and aromatic ﬂavor
are widely consumed as a mouth freshener. The leaves are
credited with wound healing, digestive and pancreatic lipase
stimulant activities in the traditional medicine which has also
been proved in experimental animals (Chatterjee and Pakrashi,
1995; Santhanam and Nagarajan, 1990; Prabhu et al., 1995).
In addition the leaf extract has also been reported to have anti-
oxidant, antimicrobial, antifungal, anti-inﬂammatory and
radio- protective properties (Ramji et al., 2002; Majumdar
et al., 2003; Bhattacharya et al., 2005).
The principle chemical constituents of P. betle were found
to be polyphenols like eugenol, chavicol, charvacrol, chevibe-
tol, catechol and allyl pyrocatechol and vitamin C, which were
reported to exhibit strong antioxidant activitiy. Further these
polyphenols exert their protective activities through their supe-
rior radical scavenging and immune modulating potentials
(Bhattacharya et al., 2005).
2.2.2. Preparation of ethanolic extract of the leaves of P. betle
The fresh leaves of P. betle were washed and shade dried for
one week. The air dried leaves were milled into ﬁne powder
in a commercial blender. The powder (500 g) was Soxhlet ex-
tracted with 95% ethanol (1:3, w/v) at 37C for two days.
The resultant extract was concentrated to dryness under re-
duced pressure and was freeze dried. The total yield was
9.38 g (1.87%, w/w) of light greenish brown extract. The etha-
nolic leaf extract of P. betle (PBE) was reconstituted to a ﬁnal
concentration of 5% (w/v) using aqueous solution of gum aca-
cia (5%) for further treatments.
2.3. Dosage ﬁxation
The oral LD50 dose of CdCl2 in rat was 75 mg/kg BW (Weil,
1952). In the present study, we have selected 5 mg/kg BW of
CdCl2 which was 1/15 of the LD50 dose of CdCl2. And this
particular dose level of CdCl2 has been reported to produce
hepato toxicity in rats (EI-demerdash et al., 2004).
According to the available literature, the LD50 value of the
ethanolic extract of P. betle was found to be above 3 g/kg and
has been proved to be non-toxic to rats. The oral dose of
200 mg/kg of the ethanolic extract of P. betle was reported
to be more effective in reducing the hepatotoxicity induced
by alcohol in rats (Saravanan et al., 2004). A pilot study was
conducted with three different doses of PBE (100, 200 and
400 mg/kg) to determine the dose dependent effect of PBE in
Cd treated hepatotoxic rats. After 4 weeks of experiment, it
was observed that PBE pretreatment at the doses of 100, 200
and 400 mg/kg signiﬁcantly (p< 0.05) lowered the levels of
serum transaminases, thiobarbituric acid reactive substances
and elevated the levels of reduced glutathione in the liver of
Cd intoxicated rats (data have not shown). 200 mg/kg of
PBE showed higher signiﬁcant protective effect than the other
doses 100 and 400 mg/kg against Cd intoxication. Hence, we
have chosen the 200 mg/kg of PBE for our further biochemical
and histological studies.2.4. Determination of total phenolic and total ﬂavonoid contents
Total phenolic content in the extract was determined by Folin–
Ciocalteu method (Sirivasan et al., 2007), and it was expressed
as gallic acid equivalents (GAE) (mg/g). Total ﬂavonoids con-
tent in the extract was measured as described previously by
Piccolella et al. (2008) and it was calculated as rutin equiva-
lents (mg/g).
2.5. Animals
Male albino Wistar rats, body weight of 180–200 g bred in
Central Animal House, Rajah Muthiah Medical College,
Annamalai University, were used in this study. Throughout
the study, the animals were housed six animals per each poly-
propylene cage and were maintained in accordance with the
guidelines of the National Institute of Nutrition, Indian Coun-
cil of Medical Research, Hyderabad, India, and approved by
the Institutional Animal Ethical Committee (Vide No. 531/
2008), Annamalai University. The rats were allowed standard
rat pellet diet (Lipton India Ltd., Mumbai, India) and water ad
libitum for the duration of the experiment.
2.6. Experimental design
The rats were randomly divided into four groups of six rats in
each group
 Group 1: Control rats intragastrically administered with
normal saline.
 Group 2: Rats intragastrically administered with PBE
(200 mg/kg/day) for 28 days using intragastric tube.
 Group 3: Rats orally received Cd as cadmium chloride
(5 mg/kg/day) (Renugadevi and Milton Prabu, 2010) in sal-
ine for 28 days.
 Group 4: Rats received PBE (200 mg/kg/day) followed by
oral administration of Cd as cadmium chloride (5 mg/kg/
day) for 28 days.
Food and water intake was recorded and rats were weighed
every week. Forty-eight hours after the administration of the
last dose, the animals were anesthetized with an intramuscular
injection of ketamine hydrochloride (24 mg/kg) and sacriﬁced
by decapitation. Blood was collected in tubes for the separa-
tion of serum. The liver tissue was dissected out, weighed
and washed using chilled saline solution. Tissue was minced
and homogenized (10%, w/v) in appropriate buffer (pH 7.4)
and centrifuged (3000xg for 10 min). The resulting clear super-
natant was used for various enzymatic and non-enzymatic bio-
chemical assays. Six rats from each group were sacriﬁced and
used for analyzing serum and tissue biochemical assays.
2.7. Biochemical assays
2.7.1. Activities of serum marker enzymes
The activities of serum aspartate aminotransferase (EC.
2.6.1.1), alanine aminotransferase (EC. 2.6.1.2), alkaline
phosphatase (EC.3.1.3.1), lactate dehydrogenase (EC. 3.1.3.1)
and total bilirubin were assayed using commercially available
diagnostic kits (Sigma diagnostics (I) Pvt. Ltd., Baroda, India).
Gamma-glutamyl transferase (EC. 2.3.2.2) activity was
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amyl-p-nitroanilide as substrate.
2.7.2. Determination of lipid peroxidation and oxidative stress
markers
Lipid peroxidation in the liver was estimated spectrophotomet-
rically by measuring thiobarbituric acid reactive substances
and lipid hydroperoxides by the method of Niehaus and
Samuelsson (1968) and Jiang et al. (1992) respectively. Protein
carbonyl content was determined by the method of Levine
et al. (1999). The levels of conjugated dienes were assessed
by the method of Rao and Recknagel (1968).
2.7.3. Determination of non-enzymatic and enzymatic
antioxidants
Reduced glutathione was determined by the method of Ellman
(1959). Oxidized glutathione was estimated by the method of
Hissin and Hilf (1976). Total sulfhydryl groups were measured
by the method of Sedlak and Lindsay (1958). Vitamin C
concentration was measured as previously reported (Omaye
et al., 1979). Vitamin E (a-tocopherol) was estimated by the
method of Desai (1984). Superoxide dismutase activity was
determined by the method of Kakkar et al. (1984). The activity
of catalase was determined by the method of Sinha (1972).
Glutathione peroxidase activity was estimated by the method
of Rotruck et al. (1973). Glutathione S-transferase activity
was determined by the method of Habig et al. (1974). Glutathi-
one reductase was assayed by the method of Horn and Burns
(1978). The estimation of glucose-6-phosphate dehydrogenase
was carried out by the method of Beutler (1983).
2.7.4. Estimation of membrane-bound ATPase
The sediment after centrifugation was resuspended in ice-cold
tris–HCl buffer (0.1 M) pH 7.4. This was used for the estima-
tions of membrane-bound enzymes and protein content. The
membrane bound enzymes such as Na+ / K+-ATPase,
Ca2+-ATPase and Mg2+-ATPase activity were assayed by
estimating the amount of phosphorous liberated from the incu-
bation mixture containing tissue homogenate, ATP and the
respective chloride salt of the electrolytes (Bonting, 1970;
Hjerten and Pan, 1983; Ohnishi et al., 1982). Total protein
content was estimated by the method described by Lowry
et al. (1951).
2.8. Histopathological studies
For qualitative analysis of liver histology, the tissue samples
were ﬁxed for 48 h in 10% formalin-saline and dehydrated
by passing successfully in different mixture of ethyl alcohol,
water, cleaned in xylene and embedded in parafﬁn. Sections
of the tissues (5–6 lm thick) were prepared by using a rotary
microtone and stained with hematoxylin and eosin dye, which
was mounted in a neutral deparafﬁned xylene medium for
microscopical observations. Six rats from each group were sac-
riﬁced for analyzing the hepatic histological examinations.
2.9. Statistical analyses
Data were analyzed by one way analysis of variance (ANOVA)
followed by Duncan’s multiple range test (DMRT) using a
commercially available statistics software package (SPSSfor Windows, V. 13.0, Chicago, USA). Results were presented
as mean ± SD. p values < 0.05 were regarded as statistically
signiﬁcant.
3. Results
3.1. Total phenolic and total ﬂavonoid contents
Total phenolic content estimated as 257.2 ± 10.5 mg gallic
acid equivalent/g dry weight of the extract. Total ﬂavonoids
content estimated as 212.7 ± 9.7 mg rutin equivalents/g dry
weight of the extract.
3.2. Body weight gain, relative liver weight, feed and water
intake
The effect of Cd and PBE on food and water intake, body
weight gain and liver-body weight ratio (%) in normal and
experimental animals were shown in Table.1. In Cd treated rats,
water and pellet diet consumption signiﬁcantly (p < 0.05)
decreased with decrease in body weight gain. A signiﬁcant
(p < 0.05) increase in liver-body weight ratio was noticed in
Cd treated rats. No signiﬁcant changes were observed between
control and PBE administered rats. All these alterations in-
duced by Cd intoxication were signiﬁcantly (p < 0.05) restored
to near normal levels upon pre-administration of PBE.
3.3. Effects on serum hepatic marker enzymes and bilirubin
Fig. 1 shows the status of serum AST, ALT, ALP, LDH, GGT
and bilirubin levels of control and experimental animals. Cd
induced hepatotoxicity is shown by the elevated levels of serum
hepatic markers as compared to vehicle treated normal control
(Group I). This elevated level of serum hepatic markers due to
Cd challenge were signiﬁcantly (p < 0.05) decreased upon the
pre-treatment with PBE.
3.4. Effects on hepatic oxidative stress markers
The levels of lipid peroxidation and protein oxidation in the
liver tissue of control and experimental rats are illustrated in
Table 2. The levels of lipid peroxidation products viz., thiobar-
bituric acid reactive substances (TBARS), lipid hydroperoxides
(LOOH), protein carbonyl contents (PCC) and conjugated
dienes (CD) signiﬁcantly (p < 0.05) increased in Cd intoxi-
cated rats when compared with control rats. Treatment with
PBE afforded signiﬁcant (p < 0.05) hepatoprotection against
Cd induced elevation of lipid peroxidation and protein carbon-
ylation as evidenced by a signiﬁcant fall in their levels.
3.5. Effects on hepatic non-enzymatic antioxidants
Alterations in the levels of non-enzymatic antioxidants namely
reduced vitamins C and E, reduced glutathione (GSH), oxi-
dized glutathione (GSSG), total sulfhydryls (TSH), in the liver
of control and experimental animals are shown in Table 3. A
signiﬁcant depletion in the levels of these non-enzymatic anti-
oxidants and increased level of oxidized glutathione in the liver
was observed in Cd intoxicated rats when compared with nor-
mal control rats. Upon Pre-administration with PBE along
Table 1 Effect of Cd and PBE on body weight gain, food intake, water intake and organ-body weight ratio in control and
experimental rats.
Variables Control PBE Cd Cd + PBE
Body weight Initial (g) 190 ± 10.58a 191 ± 9.87a 189 ± 9.71 a 188 ± 11.18a
Final (g) 227 ± 12.47a 228 ± 11.68a 211 ± 10.17 b 221 ± 10.79c
Body weight gain (%) 19.47 19.37 11.64 17.55
Food intake (g/100 g bw/day) 12.15 ± 0.93a 8.09 ± 0.71b 11.89 ± 0.87a 10.51 ± 0.81c
Water intake (mL/rat/day) 18.20 ± 2.50a 13.50 ± 1.25b 17.50 ± 2.50a 16.10 ± 1.50c
Organ-body weight ratio (%) 2.94 ± 0.33a 3.85 ± 0.42b 3.01 ± 0.41a 3.27 ± 0.36c
Values are expressed as mean ± SD for six rats in each group.
a Values are not sharing a common superscript letter (a–c) differ signiﬁcantly at p < 0.05 (DMRT).
b Values are not sharing a common superscript letter (a–c) differ signiﬁcantly at p < 0.05 (DMRT).
c Values are not sharing a common superscript letter (a–c) differ signiﬁcantly at p < 0.05 (DMRT).
Figure 1 Changes in the activities of serum hepatic markers in control and experimental rats.
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Table 2 Effect of Cd and PBE on hepatic TBARS, LOOH, PCC and CD of control and experimental rats.
Groups Control PBE Cd Cd + PBE
TBARS (mg/g) 6.84 ± 0.48a 6.32 ± 0.67a 18.27 ± 1.72b 9.62 ± 0.97c
LOOH (mmol/g) 0.87 ± 0.08a 0.79 ± 0.09a 1.64 ± 0.15b 1.07 ± 0.11c
PCC (nmol/mg) 2.57 ± 0.25a 2.48 ± 0.23a 6.87 ± 0.65b 3.28 ± 0.27c
CD (mmol/mg) 52.17 ± 0.34a 51.03 ± 0.45a 87.42 ± 0.77b 65.32 ± 0.56c
Values are expressed as mean ± SD for six rats in each group.
a Values not sharing a common superscript letter (a–c) differ signiﬁcantly at p< 0.05 (DMRT).
b Values not sharing a common superscript letter (a–c) differ signiﬁcantly at p< 0.05 (DMRT).
c Values not sharing a common superscript letter (a–c) differ signiﬁcantly at p< 0.05 (DMRT).
Table 3 Effect of Cd and PBE on vitamin ‘C’, vitamin ‘E’, reduced glutathione (GSH), oxidized glutathione (GSSG) and total
sulfhydryl groups (TSH) in the liver of control and experimental rats.
Parameters Control PBE Cd Cd + PBE
Vitamin ‘C’ (lmol/mg) 1.94 ± 0.18a 2.01 ± 0.21a 1.53 ± 0.11b 1.76 ± 0.17c
Vitamin ‘E’ (lmol/mg) 1.37 ± 0.10a 1.39 ± 0.11a 0.93 ± 0.07 b 1.24 ± 0.08c
GSH (lg/mg) 20.35 ± 1.27a 22.74 ± 1.51a 14.51 ± 1.15b 18.03 ± 1.21c
GSSG (nmol/mg 0.36 ± 0.03 a 0.34 ± 0.02a 0.69 ± 0.08 b 0.47 ± 0.05c
TSH (lg/mg) 14.52 ± 0.81a 15.78 ± 0.89a 9.81 ± 0.69b 12.45 ± 0.74c
Values are expressed as mean ± SD for six rats in each group.
a Values not sharing a common superscript letter (a–c) differ signiﬁcantly at p< 0.05 (DMRT).
b Values not sharing a common superscript letter (a–c) differ signiﬁcantly at p< 0.05 (DMRT).
c Values not sharing a common superscript letter (a–c) differ signiﬁcantly at p< 0.05 (DMRT).
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idants and oxidized glutathione were signiﬁcantly (p < 0.05)
restored to their near normal levels when compared with Cd
treated rats.
3.6. Effects on hepatic enzymatic antioxidants
The activities of enzymatic antioxidants namely SOD, CAT,
GPx, GST, GR and G6PD in the liver of control and experi-
mental rats are shown in Table 4. A signiﬁcant (p < 0.05) de-
crease in the activities of these antioxidant enzymes was
recorded in Cd intoxicated rats when compared with normal
control rats. Prior oral pre-administration of PBE along with
Cd for 4 weeks signiﬁcantly (p < 0.05) restored the activities
of these antioxidant enzymes to their near normal levels as
compared with Cd treated rats.Table 4 Effect of Cd and PBE on superoxide dismutase (SOD),
transferase (GST), glutathione reductase (GR) and glucose 6-ph
experimental rats.
Groups Control
SOD (Units/mg protein) 7.81 ± 0.53a
CAT (lmol/min mg protein) 93.25 ± 5.84a 9
GPx (lg/min mg protein) 9.67 ± 0.62a
GST (lmol/min mg protein) 7.83 ± 0.52a
GR (nmol/min mg protein) 0.48 ± 0.04a
G6PD (nmol/min mg protein) 2.07 ± 0.11a
Values are expressed as mean ± SD for six rats in each group.
a Values are not sharing a common superscript letter (a–c) differ signiﬁ
b Values are not sharing a common superscript letter (a–c) differ signiﬁ
c Values are not sharing a common superscript letter (a–c) differ signiﬁ3.7. Effects on hepatic membrane bound ATPases
The activities of Na+, K+, Ca2+ and Mg2+–ATPases signiﬁ-
cantly (p < 0.05) decreased in the liver tissue of Cd treated rats
as compared to normal controls (Table 5). Administration of
PBE signiﬁcantly (p < 0.05) prevented the decrease in the
activities of all ATPases in Cd intoxicated rats. PBE alone
treated group did not show any alteration in the activities of
these ATPases in the liver.
3.8. Histological examination of liver tissue
Histopathological investigations showed that the administra-
tions of As in rats produced severe hepatic damage including
the extensive degeneration of hepatocytes with necrosis,
inﬂammation, vacuolization, inﬂammatory cell inﬁltrationcatalase (CAT), glutathione peroxidase (GPx), glutathione S-
osphate dehydrogenase (G6PD) in the liver of control and
PBE Cd Cd + PBE
8.29 ± 0.67a 5.27 ± 0.43b 7.08 ± 0.17c
6.21 ± 5.26a 55.18 ± 4.26b 78.34 ± 5.81c
9.83 ± 0.71a 5.35 ± 0.41b 8.89 ± 0.72c
8.26 ± 0.57a 5.71 ± 0.27b 7.15 ± 0.41c
0.51 ± 0.04a 0.29 ± 0.02b 0.40 ± 0.03c
2.12 ± 0.15a 1.43 ± 0.07b 1.83 ± 0.10c
cantly at p < 0.05 (DMRT).
cantly at p < 0.05 (DMRT).
cantly at p < 0.05 (DMRT).
Table 5 Effect of Cd and PBE on membrane bound adenosine triphosphatases (ATPase) in the liver of control and experimental rats.
Groups Control PBE Cd Cd + PBE
Total ATPases 1.76 ± 0.19a 1.79 ± 0.18a 1.19 ± 0.10b 1.57 ± 0.15c
Na+K+–ATPases 0.44 ± 0.04a 0.47 ± 0.04a 0.28 ± 0.02b 0.38 ± 0.03c
Ca2+–ATPases 0.58 ± 0.07a 0.56 ± 0.07a 0.34 ± 0.03b 0.53 ± 0.06c
Mg2+– ATPases 0.74 ± 0.08a 0.76 ± 0.07a 0.57 ± 0.05b 0.66 ± 0.06c
Values are expressed as mean ± SD for six rats in each group.
Units for ATPases lg pi liberated/min/mg protein.
a Values are not sharing a common superscript letter (a–c) differ signiﬁcantly at p < 0.05 (DMRT).
b Values are not sharing a common superscript letter (a–c) differ signiﬁcantly at p < 0.05 (DMRT).
c Values are not sharing a common superscript letter (a–c) differ signiﬁcantly at p < 0.05 (DMRT).
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pared with control rats (Fig. 2A). The histopathological
abnormalities induced by Cd were signiﬁcantly (p < 0.05)
ameliorated in the liver of rats administered with SB
(Fig. 2D). The histoarchitectural pattern of the liver was al-
most normal in SB administered rats (Fig. 2E).Figure 2 Liver section of rats: (A) control showing normal
arrangement of hepatocytes and central vein (H&E 100); (B)
cadmium treated rats showing periportal inﬂammation, degener-
ation of hepatocytes and necrosis (H&E 100); (C) cadmium
treated rats showing micro vesicular steatosis, balloon degenera-
tion and inﬂammatory cell inﬁltration (H&E 200); (D) cadmium
and PBE treated rats showing almost normal appearance of
hepatocytes and central vein with mild derangement of hepatic
cords (H&E 100); (E) PBE alone treated rats showing normal
hepatocytes and portal triad (H&E 100).4. Discussion
Environmental contamination by cadmium is recognized as a
global problem. Cd is a potent inducer of oxidative stress
and affects cellular antioxidant defense potential biphasically
by inhibition and enhancement of several antioxidant enzy-
matic and non- enzymatic molecules activity. In the present
study, the highly potent chelation therapy of PBE was exam-
ined against Cd induced toxicity in the liver of rats.
The mean body weight of Cd exposed group decreased
along with the increase in relative liver weight, which is in
agreement with the ﬁndings of EI-demerdash et al. (2009).
Rahman et al. (1998) suggest that prolonged exposure of Cd
is associated with an increased risk of diabetes mellitus, which
explains the weight loss in rats. Kaltreider et al. (2001) re-
ported that exposure to low level of heavy metals impairs the
glucocorticoid system. The glucocorticoid hormones play a vi-
tal role in glucose regulation as well as carbohydrate, lipid and
protein metabolism. Dysfunction in the glucocorticoid system
has been linked to weight gain/loss. Cd intoxicated rats pre-
treated with PBE, the altered body weight and liver weight
parameters were recovered to near normal levels due to the
antioxidant effects of polyphenols found in PBE.
Liver dysfunction is accompanied by elevated levels of serum
hepatic marker enzymes which are indicative of cellular leakage
and loss of functional integrity of cell membrane in the liver
(Zimmerman and Seef, 1970). High levels of cytosolic and mito-
chondrial enzymes AST and ALT are better parameters to de-
tect liver damage (Williamson et al., 1996). The membrane
bound enzyme ALP and bilirubin levels are also related to the
status and function of hepatic cells. Increased serum ALP is
due to increased synthesis in the presence of increasing biliary
pressure (Burtis and Ashwood, 1986). LDH is an intracellular
enzyme. Increased levels of serum LDH is an indicator of hep-
ato cellular damage (Kim et al., 2001). GGT is a microsomal
brush border enzyme found notably in liver. It is involved in
the transfer of aminoacids across the cellular membrane. It is
also involved in GSH metabolism by transferring the glutamyl
moiety to a variety of acceptors leaving the cysteine product to
preserve the intracelluluar homeostasis of oxidative stress (Mei-
ster, 1992). SerumGGT level is considered as a better index and
to be highly sensitive to biliary tract damage (Rosalki and Rao,
1972). Several reports have explained the elevated levels of ser-
um hepatic marker enzymes due to Cd exposure (Amin et al.,
2006; Selvarajan et al., 2007; Milton Prabu et al., 2007). In
the present study, the increased levels of serum hepatic market
enzymes and bilirubin were released into the blood from the
membrane of hepatocytes due to the extensive injury of the liver
236 S. Milton Prabu et al.that was caused by chronic exposure to Cd. Signiﬁcant restora-
tion of hepatic serum marker enzymes and bilirubin were ob-
served in the animals pre-treated with PBE offering protection
against Cd toxicity in rats. This protective effect of PBE may
be due to its active components such as polyphenols, b-carotene
and vitamin-C. Polyphenols have been reported to possess a
membrane stabilizing activity (Chen et al., 1990) by inhibiting
the Cd induced generation of reactive oxygen species and main-
tain the structural integrity of the membrane.
Lipid peroxidation is one of the main manifestations of oxi-
dative damage and has been found to play an important role in
the toxicity of cadmium (Stohs and Bagchi, 1995). Cd induced
oxidative stress by producing hydroxyl radicals, superoxide an-
ions, nitric oxide and hydrogen peroxide (Koizumi and Li,
1992; Weisberg et al., 2003). Signiﬁcant increase in the level
of hepatic TBARS in Cd intoxicated rats could be possibly
due to excessive formation of free radicals which leads to the
deterioration of biological macromolecules (Stohs et al.,
2000). Milton Prabu et al. (2007) have reported that lipid per-
oxidation is considered a sensitive marker of Cd hepato toxic-
ity. Hussain et al. (1987) and Manca (1991) have also reported
the increased level of LPO in the various tissues of Cd treated
rats. In the present investigation Cd intoxicated rats pretreated
with PBE showed a marked decrease in the levels of TBARS,
LOOH, PCC and CD. This may be due to the presence of
polyphenols, b-carotene and vitamin-C, which have been rec-
ognized as excellent scavengers of free radicals thereby inhibit-
ing lipid peroxidation and protein carbonylation
(Chakraborthy and Shah, 2011; EI-demerdash et al., 2004).
GSH a tripeptide (L-r-glutamylcysteinyl glycine) and a cys-
teine rich protein participates in the maintenance of cytoplas-
mic and membrane thiol status. It is an antioxidant and a
powerful nucleophile, critical for cellular protection such as
detoxiﬁcation of ROS. In the present investigation, the re-
duced level of hepatic GSH by Cd could be probably due to
either increased utilization of GSH by the cells act as scaveng-
ers of free radicals produced by Cd or increased utilization of
GSH for the activity of GPx forming oxidized GSH (GSSG)
due to increased generation of ROS (Larson, 1988). Signiﬁcant
depletion of hepatic GSH has also been reported by Jeyaprak-
ash and Chinnaswamy (2005) in cadmium intoxicated rats.
Vitamin C along with vitamin E and GSH that participates
in the scavenging of ROS (Niki et al., 1986). Signiﬁcant
enhancement and restoration of reduced GSH, TSH, vitamin
‘C’ and vitamin ‘E’ in rats treated with PBE deﬁnitely revealed
the protective nature of the PBE against Cd hepatotoxicity.
This possible protective effect may be due to antioxidant and
free radical scavenging activity of polyphenols found in PBE
(Rathee et al., 2006; Chakraborthy and Shah, 2011).
Superoxide dismutase (SOD), catalase (CAT) and glutathi-
one peroxidase (GPx) constitute a mutually supportive team of
antioxidant defense against reactive oxygen species. SOD is a
metalloenzyme that catalyzes the dismutation of superoxide
radicals (McCord, 1987). CAT is a hemeprotein which cataly-
ses the reduction of H2O2 to water and oxygen and thus pro-
tects the cells from the oxidative damage of H2O2 and OH
–
(Chance et al., 1952). GPx is a seleno enzyme, two thirds of
which is present in the cytosol and one-thirds in the mitochon-
dria. It plays a major role in the reduction of hydrogen perox-
ide and hydroperoxides. GST catalyzes the Conjugation of
xenobiotic electrophilic substances with GSH to form the cor-
responding GSH-S-conjugate. GR utilizes the NADPH andmaintains the GSH in a reduced form (Moron et al., 1979).
Glucose-6-phosphate dehydrogenase (G6PDH) is responsible
for generating the NADPH, required for the recycling reaction
of GSSG to GSH (Reed, 1990). In the present investigation Cd
intoxicated rats showed a signiﬁcant decrease in the activity of
these antioxidant enzymes in liver tissue might be due to the
over production of ROS, the primary mechanism of Cd toxic-
ity (Casalino et al., 2002; Amin et al., 2006). Pretreatment with
PBE in Cd intoxicated rats show a signiﬁcant recovery of he-
patic enzymatic antioxidant systems. Polyphenols were shown
to be potent scavengers of superoxide anions, peroxides, hy-
droxyl and peroxyl radicals (Chakraborthy and Shah, 2011).
Polyphenols have also been reported to increase the activities
of antioxidant enzymes (Daniel et al., 1998). These ﬁndings
support our observation of the fact that elevated activities of
enzymatic antioxidants in the supplementation of PBE in Cd
intoxicated rats.
The determination of membrane associated enzyme
activities like adenosine triphosphatases (ATPases) indicates
the changes in membranes under pathological conditions
(Kempaiah and Srinivasan, 2006). ATPases are lipid dependent
membrane-bound enzymes, which play a central role in the ac-
tive transport of ions, maintenance of cellular homeostasis and
are also involved in neurotransmission process, maintenance of
ion gradients and regulation of cell volume. The peroxidation
of membrane lipids not only alters the structural as well as func-
tional integrity of cell membranes, but also affects the activities
of various membrane-bound enzymes including Mg2+–ATP-
ase, Ca2+–ATPase and Na+/K+–ATPase, which in turn lead
to disruption in cellular homeostasis (Hazarika et al., 2003).
In the present study signiﬁcantly decreased activities of
membrane bound total ATPases in the liver were observed in
Cd treated rats. Decreased activity of Na+/K+– ATPase could
be due to enhanced lipid peroxidation by free radicals on Cd
intoxication, since Na+/K+–ATPase is a ‘SH’ group contain-
ing enzyme and is lipid dependent (Ithayarasi and Devi, 1997).
Decreased activity of Na+, K+–ATPase can lead to a decrease
in sodium efﬂux, thereby altering membrane permeability
(Finotti and Palatini, 1986). The disruption of membrane per-
meability or fragmentation of the membrane leads to the leak-
age of Ca2+ ions into cells thereby potentiating irreversible cell
destruction. The Ca2+ overload medicated Cd also decreased
the Ca2+–ATPase activity in cell membrane. It is generally ac-
cepted that due to high afﬁnity for SH groups, Cd binds avidly
to various enzyme proteins and inactivates them. Mg2+–ATP-
ase activity is involved in other energy requiring processes in
the cell and its activity is sensitive to lipid peroxidation.
Administration of SB in Cd intoxicated rats signiﬁcantly re-
duced the lipid peroxidation in liver tissue and sustained the
activities of membrane bound enzymes. This could be due to
the ability of PBE to protect the sulfhydryl groups from the
oxidative damage through the inhibition of peroxidation of
membrane lipids. This effect is due to the membrane stabilizing
properties of ﬂavonoids in PBE. It may also be due to the
blocking nature of lipid peroxidation by polyphenols present
in PBE. The preservation of cellular membrane integrity of
PBE depends on its antioxidant properties that neutralize the
oxidative reactions. In addition PBE administration signiﬁ-
cantly improved the levels of endogenous enzymatic and
non-enzymatic antioxidants involved in membrane protection,
which in turn reduced the Cd induced alterations in membrane
bound enzymes as well as ionic gradients within the cell.
Protective effect of Piper betle leaf extract against cadmium-induced oxidative stress 237Histopathological results also supported our biochemical
ﬁndings and conﬁrmed the protective nature of PBE against
Cd intoxication. According to light microscopic examination,
the oxidative hepatic damage induced by Cd in rats was greatly
reduced by the pre-administration of PBE, which was in good
correlation with the results of the serum hepatic markers, oxi-
dative stress markers, antioxidant enzyme activities and mem-
brane bound ATPases.
The PBE contained high concentration of polyphenols.
Polyphenols have been reported to possess metal chelating
property, in addition to their high antioxidant activity. Protec-
tive effects of polyphenols on human health are partly ex-
plained by their metal chelating and antioxidant property
(Gautam and Flora, 2010). The literature indicated that the
major bioactive compound found in high concentration in
PBE was allylpyrocatechol (Chakraborty and Shah, 2011).
Allylpyrocatechol is a well known antioxidant, which has
shown a high degree of antioxidant power through invitro as-
says (Rathee et al., 2006; Goncalo et al., 2006). This may be
the main reason for the antihepatotoxic activity of PBE against
Cd induced oxidative hepatic dysfunction. However, further
studies are necessary to ﬁnd out the actual mechanism of ac-
tion of phytochemicals and their doses in the presence of oxi-
dative stress due to Cd intoxication.
In conclusion, our results demonstrated that Cd is capable
of causing marked oxidative stress in addition to deplete the
antioxidants and inhibiting the activities of antioxidant en-
zymes. The treatment with PBE could signiﬁcantly attenuate
the Cd induced oxidative hepatotoxicity and shows its thera-
peutic potential to be used as a cost effective safe herbal anti-
oxidative agent in the treatment of Cd toxicity.
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